Transcriptomic analysis of UV-treated rice leaves reveals UV-induced phytoalexin biosynthetic pathways and their regulatory networks in rice.
Rice produces diterpenoid and flavonoid phytoalexins for defense against pathogen attack. The production of phytoalexins in rice is also induced by UV-irradiation. To understand the metabolic networks involved in UV-induced phytoalexin biosynthesis and their regulation, phytochemical and transcriptomic analyses of UV-treated rice leaves were performed. In response to UV treatment, the accumulation of flavonoids was observed in rice leaves, which may serve as antioxidants against UV-induced oxidative stress. The phytochemical analysis confirmed sakuranetin accumulation and also demonstrated the induction of phenylamide synthesis in rice leaves by UV-irradiation. Transcriptomic analysis established that aromatic amino acid biosynthetic genes were immediately up-regulated after UV treatment. The genes involved in the phenylpropanoid pathway and flavonoid biosynthesis were also up-regulated. These findings suggest that the aromatic amino acid and flavonoid biosynthetic pathways are coordinately activated for the production of flavonoids and phenolic phytoalexins such as sakuranetin and phenylamides. An in silico analysis of UV-induced O-methyltransferase and acyltransferase genes suggested that these genes may be implicated in sakuranetin and phenylamide synthesis, respectively. The transcriptomic analysis also showed up-regulation of both methylerythritol phosphate pathway and the diterpenoid phytoalexin biosynthetic genes in response to UV treatment. A functional gene network analysis of phytoalexin biosynthetic and UV-induced genes for signaling components and transcription factors using RiceNet suggested that regulatory networks comprising signal perceiving receptor kinases, G-proteins, signal transducing mitogen-activated protein kinases and calcium signaling components, and transcription factors control flavonoid and phytoalexin biosynthesis in rice leaves under UV-C stress conditions.